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v3 (54) Title: FUEL CELL ENERGY MANAGEMENT SYSTEM FOR COLD ENVIRONMENTS 

(57) Abstract: An energy management system controls the temperature of a fuel cell system while a vehicle is not running. The 

^ energy management system includes a fuel cell stack, a blower that provides air to the fuel cell stack, a water supply, and a hydrogen 
supply. A hydrogen supply valve is connected between the hydrogen supply and the fuel cell stack. A heater is connected to an 
^ output of the fuel cell stack. A controller controls the hydrogen supply valve and the blower to power the heater to warm the fuel 
^ cell stack and the water supply. The controller starts the blower and opens the hydrogen supply valve if heating is necessary and if 
*^ a tank level signal exceeds a first tank level value. The controller activates a purge, drains water from the water supply, and inhibits 
1^ vehicle startup if the tank level signal does not exceed a first tank level value. 
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FUEL CELL ENERGY MANAGEMENT SYSTEM 
FOR COLD ENVIRONMENTS 



FIELD OF THE INVENTION 
5 [0001] The present invention relates to fuel cells, and more 

particularly to fuel cell energy management systems for cold environments. 



BACKGROUND OF THE INVENTION 
[0002] Fuel cell systems are increasingly being used- as-a powef — 

10 source in a wide variety of applications. Fuel cell systems liave also been 
proposed for use in vehicles as a replacement for internal combustion engines 
(ICE). A solid-polymer-electrolyte membrane (REM) fuel cell includes a 
membrane that is sandwiched between an anode and a cathode. To produce 
electricity through an electrochemical reaction, hydrogen (H2) is supplied to 

15 the anode and oxygen (02) is supplied to the cathode. 

[0003] In a first half-cell reaction, dissociation of the hydrogen Ha at 
the anode generates hydrogen protons H* and electrons e'. The membrane is 
proton conductive and dielectric. As a result, the protons are transported 
through the membrane while the electrons flow through an electrical load that - 

20 is connected across the membrane. In a second half-cell reaction, oxygen O2 
at the cathode reacts with protons H"*^, and electrons e' are taken up to form 
water H2O. 

[0004] The operation of ICE in cold weather has received intensive 
attention during the development of ICEs. Because fuel cells have become 

25 viable for widespread commercial use, cold weather performance 
characteristics of fuel cells have become more important Vehicle 
manufacturers must address customer requirements and expectations to 
ensure that fuel cells are accepted. Some of these requirements include an 
affordable purchase price and operating costs, reliable and safe operation, 

30 traffic compatible performance such as acceleration and braking, range, 
payload, and ambient temperature tolerance. 
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[0005] The ambient temperature tolerance specification for veliicles 
typically includes temperatures between -40^0 to 52^C. Exemplary cold 
weather specifications for ICEs typically require that an engine must start 
within 30 seconds of cranking time with front and rear window defrosters 
5 operating. These specifications also require stable operation In low ambient 
temperatures such as following a soak for eight hours at the low 

ambient temperature. Shortly after starting, the vehicle should be capable of 
driving away at varying rates of acceleration including wide-open throttle. 
"Fuel cell vehicles will probably be required to rrieet similar ncold weather" 
1 0 specifications to meet consumer expectations. 

[0006] Consumers expect automobiles to be operable in sub- 
freezing weather. Liquid and vapor water within the fuel cell system is a major 
concern for cold weather operation of the fuel cell. The cooling system 
typically employs de-ionized water. The fuel cell stack humidification 
15 systems and water generation at the cathode during operation generally 
ensures that water In a liquid or vapor state will exist In almost all parts of the 
fuel cell stack during dwell times. At one atmosphere and temperatures below 
O^C, water freezes and may block the flow passages of the fuel cell stack. 
These blockages may expand and damage the fuel cell stack and/or render 
20 the cooling and humidification systems inoperable. 

[0007] There are many approaches to prevent freezing within a fuel 
cell system during operation and/or as part of the start-up process. Passive 
freeze prevention involves several different approaches. One approach 
minimizes freezing by minimizing the use of water coolant. The water coolant 
25 can be replaced with a low freezing temperature heat transfer liquid that is not 
electrically conducting. Several major fuel cell suppliers are working in this 
area. Another option to limit the pure water coolant is to operate with 
separate stack and radiator coolant loops using a liquld-to-liquid heat 
exchanger. This approach, however, adds cost, weight and volume. 
30 [0008] Another approach involves removing the water from the fuel 

cell system to prevent damage due to freezing while the fuel cell is not 
operating. The majority of the liquid water within the fuel cell stack can be 
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removed at system shut-down using a gravity self-drain. Residual water 
within the stack can be removed by blowing dry, de-humidified air through the 
fuel cell stack just prior to system shut down. In these systems, water must 
be added before the fuel cell can be operated. 
5 [0009] In other approaches, thermal insulation is placed around the 

entire fuel cell stack and the water reservoir to slow heat loss during operation 
and dwell times. The insulation is often integrated with the fuel cell stack 
casing. This approach increases stack volume and weight. Since fuel cell 

stack-weight affects-vehicle performance, installed .power requirements, and 

10 cost, vehicle suppliers have an incentive to use other approaches that do not 
increase stack weight. Lowering fuel cell stack weight lowers thermal mass, 
decreases warm-up times but also decreases cool-down times. 

[0010] Still other approaches involve operating the fuel cell to 
produce waste heat that is used to heat the fuel cell stack as part of the 

15 startup process. Advantages of this system include a relatively simple design 
that typically requires no system changes. Disadvantages of this system 
include the requirement for long warm-up times at sub-freezing temperatures 
because the fuel cell stack power is relatively low. This system also does not 
thaw ice in the anode and cathode flow channels directly. This system also 

20 does not address damage that may occur due to freezing when the fuel cell in 
the vehicle is not operating. 

[0011] Other systems employ hot air from a compressor to melt ice 
in the anode and cathode flow channels and to warm the MEA during 
operation and/or as part of the start-up process. The hot air is typically 

25 greater than 90^C and is available relatively quickly. Hot air warms all 
portions of the cathode. Disadvantages include the fact that not much heating 
power is derived from air (however, the thermal mass of the membrane 
electrode assembly is very low). 

[0012] Other systems use hydrogen/air burners to warm stack 

30 coolant which, in turn, warms the fuel cell stack. Advantages of this heating 
system includes the generation of a large amount of high-quality heat. Waste 
heat can be used to warm the passenger compartment. Disadvantages 
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include the decrease in fuel economy and the requirement for the 
hydrogen/air burners that add weight, volume and cost to the fuel cell system. 

[0013] Most of the preceding systems relate to the wanming of the 
fuel cell stack at start-up or during vehicle operation but do not prevent 
5 damage that may be caused when the fuel cell stack remains in a dwell or off- 
mode at low ambient temperatures. Systems addressing the dweU-mode 
problem often include extemal plug-in resistive heaters. While consumers 
have accepted plug-in heaters for temperatures below -20^C, plug-in heater 
requirements fdr~20-C~to u-C are probably commercially unacceptable. 
10 Other solutions include a heated garage that is also probably commercially 
unacceptable. 

SUMMARY OF THE INVENTION 
[0014] An energy management system according to the invention 

15 controls the temperature of a fuel cell of a vehicle while the vehicle is not 
running. The energy management system includes a fuel cell stack, a blower 
that provides air to the fuel cell stack, a water supply, and a hydrogen supply. 
A hydrogen supply valve is connected between the hydrogen supply and the 
fuel cell stack. A heater is connected to an output of the fuel cell stack. A 

20 controller controls the hydrogen supply valve and the blower to power the 
heater to warm the fuel cell stack and the water supply while the vehicle is not 
running. 

[0015] In other features of the invention, the heater is a resistive 
heater A pressure sensor generates a hydrogen pressure signal for the 

25 hydrogen supply and is connected to the controller. A stack temperature 
sensor is connected to the controller and generates a stack temperature 
signal. The controller determines whether heating is necessary based on the 
stack temperature if the hydrogen pressure signal exceeds a first pressure 
value. The controller starts the blower and opens the hydrogen supply valve if 

30 heating is necessary until the stack temperature signal exceeds a first stack 
temperature value. 
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[0016] In yet other features of the Invention, an ambient 
temperature sensor generates an ambient temperature signal. A water tank 
sensor generates a water temperature signal. The controller uses the stack 
temperature signal, the ambient temperature signal and the water 
5 temperature signal to access a lookup table to determine whether heating Is 
necessary when the pressure signal does not exceed a first pressure value. 

[0017] In other features, a hydrogen tank level sensor generates a 
tank level signal. The controller starts the blower and opens the hydrogen 

supply valve if hea ting is ne cessary and if the tank level signal exceeds a first 

10 tank level value. The controller continues heating until the stack temperature 
signal exceeds a first stack temperature valve. The controller activates a 
purge, drains water from the water supply, and Inhibits vehicle startup If the 
tank level signal does not exceed a first tank level value. 

[0018] Further areas of applicability of the present invention will 
15 become apparent from the detailed description provided hereinafter. It should 
be understood that the detailed description and specific examples, while 
indicating the preferred embodiment of the invention, are intended for 
purposes of illustration only and are not intended to limit the scope of the 
Invention. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] The present invention will become more fully understood 
from the detailed description and the accompanying drawings, wherein: 

[0020] FIG. 1 illustrates an exemplary membrane electrode 
25 assembly (MEA) of a fuel cell; 

[0021] FIG. 2 illustrates a fuel cell energy m.anagement system for 
cold environments according to the present invention; and 

[0022] FIG. 3 illustrates steps for operating the fuel cell energy 
management system of FIG. 2. 

30 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0023] The following description of the preferred embodiment(s) is 
merely exemplary in nature and is in no way intended to limit the invention, its 
application, or uses. 

5 [0024] Referring now to FIG. 1, a cross-section of a fuel ceil 

assembly 10 that includes a membrane electrode assembly (MEA) 12 is 
shown. Preferably, the MEA 12 is a proton exchange membrane (REM). The 
MEA 12 includes a membrane 14, a cathode 16, and an anode 18. The 

membrane"^ 4^ig~s^ch/vlched between an Inner sirrfacenof the cathode 16 and 

10 an inner surface of the anode 18. A cathode diffusion medium 20 is located 
adjacent to an outer surface of the cathode 16. An anode diffusion medium 
24 is located adjacent to an outer surface of the anode 18. The fuel cell 
assembly 10 further includes a cathode flow line 26 and anode flow line 28. 
The cathode flow line 26 receives and directs oxygen O2 from a source to the 

15 cathode diffusion medium 20. The anode flow line 28 receives and directs 
hydrogen H2 from a source to the anode diffusion medium 24. 

[0025] In the fuel cell assembly 10, the membrane 14 is a cation 
permeable, proton conductive membrane having ions as the mobile ion. 
The fuel gas is hydrogen H2 and the oxidant Is oxygen O2. The overall cell 

20 reaction is the oxidation of hydrogen to water and the respective reactions at 
the anode 18 and the cathode 16 are as follows: 

H2 = 2H-' + 2e" 
0.5 O2 + 2H^ + 2e" = H2O 
Since hydrogen is used as the fuel gas, the product of the overall cell reaction 

25 is water. Typically, the water that is produced is rejected at the cathode 1 6, 
which is a porous electrode Including an electrocatalyst layer on the oxygen 
side. The water may be collected as it is formed and cam'ed away from the 
MEA 12 of the fuel cell assembly 10 In any conventional manner. 

[0026] The cell reaction produces a proton exchange in a 

30 direction from the anode diffusion medium 24 towards the cathode diffusion 
medium 20. In this manner, the fuel cell assembly 10 produces electricity. An 
electrical load 30 is electrically connected across the MEA 12 to a plate 32 
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and a plate 34. If the plates 32 and 34 are adjacent to another fuel cell, the 
plates 32 and/or 34 are bipolar. If another fuel cell Is not adjacent thereto, the 
plates 32 and/or 34 are end plates. 

[0027] Referring now to FIG. 2, an energy management system for a 
5 fuel cell according to the present invention is illustrated and is generally 
designated 100. A fuel cell stack 102 includes an anode flow line 104 and a 
cathode flow line 106. A temperature sensor 108 measures an Internal 
temperature of the fuel cell stack 1 02. A blower motor 110 provides air 1 12 to 

the cathode f low Jne 106. Air exiting the cathnrip flow lin^ IOR is rnntftrj to an 

10 exhaust 116. A bulk liquid hydrogen storage tank 120 provides hydrogen to 
the anode flow line 104 through a valve 122. The hydrogen storage tank 120 
stores liquid hydrogen at temperatures below -250°C. The hydrogen storage 
tank 120 is preferably an insulated and reinforced tank made of a composite 
material. A restrictor valve 126 and a check valve 128 are periodically 
15 opened to relieve pressure and to "burp" the system. A shutoff valve 129 can 
optionally be provided at an outlet end of the anode flow line 104. 

[0028] The fuel cell stack 102 Includes an anode terminal 130 

and a cathode terminal 132. When hydrogen and air are supplied to the 
anode flow line 104 and the cathode flow line 106, respectively, the fuel cell 
20 stack 1 02 generates voltage across the anode terminal and cathode terminals 
132. During normal operation, the fuel cell stack 102 provides power to one 
or more batteries, motors, or other loads (not shown in FIG. 2). 

[0029] One end of a first resistive heater 136 is connected the 
cathode terminal 132. The first resistive heater 136 is preferably located near 
25 the fuel cell stack 102. An opposite end of the first resistive heater 136 is 
connected to a solenoid switch 140. A second solenoid switch 142 is 
connected t>etween a fuse 146 and the anode terminal 130. A second 
resistive heater 148 is located In proximity to a water tank 150 that stores 
water. In a preferred mode, the second resistive heater 148 and the water 
30 tank 150 are located Inside a container 152. A temperature sensor 154 
senses the temperature of the water in the water tank 150. A solenoid valve 
156 controls the flow of water from the water tank 150. 
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' [0030] A fuel cell controller 160 that manages fuel cell 
temperature and energy Includes a microprocessor, memory (such as read 
only memory, random access memory, and/or flash memory), and an 
input/output I/O interface (all not shown). The fuel cell controller 160 is 
5 connected to an ambient temperature sensor 164 that generates an ambient 
temperature signal. A calibration lookup table (LUT) 162 that is 
associated with the fuel cell controller 1 60 defines a relationship between the 
internal stack temperature, the ambient temperature, the water tank 
temperaturerand the need for heating wherrthe-vehici e i s lit pa r k and is not 

10 running. The fuel cell controller 160 is connected to a vehicle controller 170. 
The vehicle controller 170 provides signals identifying whether the vehicle is 
in park and/or whether the vehicle is running. A pressure sensor 174 provides 
a pressure signal for the hydrogen that is stored in the hydrogen storage tank 
120. A tank level sensor 176 provides a tank level signal that indicates the 

15 level of hydrogen in the hydrogen storage tank 120. 

[0031] Referring now to FIG. 3, steps for operating the fuel cell 

controller 160 are shown and are generally designated 200. Control begins at 
step 202. In step 204, the fuel cell controller 160 determines whether the 
vehicle is running. If the vehicle is running, control loops back to step 204. 

20 For safety reasons, temperature and energy management does not occur rf 
the vehicle is running or not in park. If the vehicle is not running, control 
continues with step 208 where the fuel cell controller 160 determines whether 
the vehicle is in park. If not, control loops back to step 204. The fuel cell 
controller 160 preferably obtains running and park status information from the 

25 vehicle controller 170. 

[0032] If the vehicle is in park and is not running, control continues 
with step 210. In step 210, the fuel cell controller 160 measures the pressure 
in the hydrogen storage tank 120. In step 212, the fuel cell controller 160 
determines whether the pressure P exceeds the maximum pressure Pmax- If 

30 the measured pressure P exceeds the maximum pressure Pmax, control 
continues with step 218. In step 21 8, the fuel cell controller 1 60 measures the 
stack temperature using the stack temperature sensor 108. In step 220, the 
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fuel cell controller 160 determines whether heating of the fuel cell stack 102 
and the water supply 150 is necessary. If additional heating is necessary, 
control continues with step 222. In step 222, the fuel cell controller 160 starts 
the blower motor 110 and activates hydrogen flow using the hydrogen supply 
5 valve 122. Control continues with steps 218 and 220 until heating is no longer 
necessary. Then, control continues with step 224 where the fuel cell 
controller 160 stops the blower motor 110 and deactivates the hydrogen flow 
using the hydrogen supply valve 122. In step 226, the fuel cell controller 160 

determin es whetiier P>Pmax- If it is, the fuel cell controller 160 activat es a 

10 hydrogen purge in step 228 and control continues with step 204. If P is not 
greater than Pmax, control continues from step 226 to step 204. 

[0033] If the measured pressure P does not exceed the 

maximum pressure P^ax as determined in step 212, control continues with 
step 230 where the fuel cell controller 160 measures the stack temperature, 
15 the ambient temperature and the water temperature. In step 234, the fuel cell 
controller 160 uses the measured temperatures to access the LUT 162 or 
calibration table. In step 238, the fuel cell controller 160 determines whether 
heating is necessary using the LUT 162. If heating is not necessary, the fuel 
cell controller 160 loops to step 204. Othenvise, the fuel cell controller 160 
20 continues with step 244 where the fuel cell controller 160 measures the level 
of the hydrogen storage tank 120 using the level sensor 176. 

[0034] In step 246, the fuel cell controller 160 determines 

whether there is sufficient hydrogen available. If there is, the fuel cell 
controller 160 continues with step 218. If sufficient hydrogen is not available, 
25 the fuel cell controller 160 continues with step 250 and activates a purge. In 
step 252, water is drained from the water tank using the valve 156, In step 
254, engine startup is inhibited to prevent damage to the fuel cell stack. Step 
254 is preferably accomplished by sending an inhibit or disable signal from 
the fuel cell controller 160 to the vehicle controller 170. 
30 [0035] Before running the fuel cell to generate heat, the fuel cell 

controller 160 confirms that the vehicle is not running and is in park. These 
steps prevent dangerous operation of the fuel cell system. Next, the fuel cell 
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controller 160 determines whether the hydrogen pressure P is above Pmax- If 
P> Pmax, the fuel cell controller 160 operates the fuel cell stack 102 by 
initiating the flow of air and hydrogen. The fuel cell controller 160 operates 
the fuel ceil stack 102 until the desired heating has occurred. Subsequently, 
5 the fuel cell controller 160 stops the blower and deactivates the hydrogen 
flow. 

[0036] If the hydrogen pressure P is less than P^ax, the fuel cell 

controller 160 measures internal stack temperature, the ambient temperature 
and the water tank temperature and-determines^hetherlTealtrigls" 

10 If heating is necessary, the fuel cell controller 160 determines whether there is 
sufficient hydrogen available. If not, the fuel cell controller 160 purges the 
system, drains water from the water tank and inhibits engine startup to 
prevent damage due to freezing. 

[0037] As can be appreciated from the foregoing, the fuel cell 

15 energy management system according to the present invention prevents 
damage to the fuel cell stack and other system components due to cold 
environments. In addition, by managing the temperature of the fuel cell stack 
when the vehicle is in park and not running, the present invention reduces the 
amount of time that is required to heat the fuel cell system to typical operating 

20 temperatures. Furthermore, the fuel cell energy management system 
according to the invention solves the problem of freezing water at low ambient 
temperatures without increasing weight or volume. 

[0038] Those skilled in the art can now appreciate from the 

foregoing description that the broad teachings of the present invention can be 

25 implemented in a variety of forms. Therefore, while this invention has been 
described in connection with particular examples, thereof, the true scope of 
the invention should not be so limited since other modifications will become 
apparent to the skilled practitioner upon a study of the drawings, the 
specification and the following claims. 
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CLAIMS 

What is claimed is: 

1 . An energy management system for controlling the temperature 
of a fuel cell of a vehicle while the vehicle is not running, comprising: 
a fuel cell stack; 

a blower that provides air to said fuel cell stack; 
a water supply; 
a hydrogen supply; 

a hydrogen s up ply valve connected be tw een sairi hy Hrnjon 



1 0 supply and said fuel cell stack; 

a heater that is connected to an output of said fuel cell stack; 

and 

a controller that controls said hydrogen supply valve and said 
blower to power said heater to warm said fuel cell stack and said water supply 
15 while said vehicle Is not running. 

2. The energy management system of claim 1 wherein said heater 
is a resistive heater. 

20 3. The energy management system of claim 1 further comprising: 

a pressure sensor that generates a hydrogen pressure signal for 
said hydrogen supply and that is connected to said controller. 

4. The energy management system of claim 3 further comprising: 
25 a stack temperature sensor that is connected to said controller 

and that generates a stack temperature signal. 

5. The energy management system of claim 4 wherein said 
controller determines whether heating is necessary based on said stack 

30 temperature If said hydrogen pressure signal exceeds a first pressure value. 
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6- The energy management system of claim 5 wherein said 
controller starts said blower and opens said hydrogen supply valve if heating 
is necessary until said stack temperature signal exceeds a first stack 
temperature value. 

5 

7. The energy management system of claim 4 further comprising: 
an ambient temperature sensor that generates an ambient 

temperature signal; and 

awatertank sensoi^atngenerates-arwaterterr^ signal: — 

10 

8. The energy management system of claim 7 wherein said 
controller uses said stack temperature signal, said ambient temperature signal 
and said water temperature signal to access a lookup table to determine 
whether heating is necessary when said pressure signal does not exceed a 

1 5 first pressure value. 

9. The energy management system of claim 8 further comprising: 
a hydrogen tank level sensor that generates a tank level signal. 

20 10. The energy management system of claim 9 wherein said 

controller starts said blower and opens said hydrogen supply valve if heating 
is necessary and if said tank level signal exceeds a first tank level value. 

11. The energy management system of claim 10 wherein said 
25 controller continues heating until said stack temperature signal exceeds a first 

stack temperature value. 

12. The energy management system of claim 9 wherein said 
controller activates a purge, drains water from said water supply, and inhibits 

30 vehicle startup if said tank level signal does not exceed a first tank level value. 
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13. An energy management method for controlling the temperature 
of a fuel cell of a vehicle while the vehicle is not running, comprising the steps 
of: 

providing a fuel cell stack, a blower, a water supply, a hydrogen 
storage device, a hydrogen supply valve, a heater that is connected to an 
output of said fuel cell stack, and a controller; 

connecting said controller to said hydrogen supply valve, said 
switch, and said blower and said heater; and 

while s aid vehicl e is not running, c ontrolling said hydrngfin 



10 supply valve, said switch and said blower to generate heat that warms said 
fuel cell stack and said water supply. 

14. The method of claim 13 wherein said heater is a resistive 

heater. 

15 

1 5. The method of claim 1 3 further comprising the step of: 
generating a hydrogen pressure signal of said hydrogen supply 

using a pressure sensor that is connected to said controller. 

20 16. The method of claim 15 further comprising the step of: 

connecting a stack temperature sensor to said controller; and 
generating a stack temperature signal using said stack 
temperature sensor. 

25 1 7. The method of claim 1 6 further comprising the steps of: 

determining whether said pressure signal exceeds a first 
pressure value; and 

determining whether heating is necessary based on said stack 
temperature if said pressure signal exceeds said first pressure value. 



30 



1 8. The method of claim 1 7 further comprising the step of: 
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Starting said blower and opening said hydrogen supply valve if 
heating is necessary until said stack temperature signal reaches a first stack 
tennperature value. 

5 19. The method of claim 16 further comprising the step of: 

connecting an ambient temperature sensor and a water 
temperature sensor to said controller; 

generating an ambient temperature signal using said ambient 

temperature sensorrand 

10 generating a water temperature signal using said water 

temperature sensor. 

20. The method of claim 19 further comprising the step of: 

using said stack temperature signal, said ambient temperature 
15 signal and said water temperature signal to access a lookup table to 
determine whether heating is necessary if said pressure signal does not 
exceed a first pressure value. 

21 . The method of claim 20 further comprising the step of: 
20 connecting a tank level sensor to said controller; and 

generating a tank leVel signal using a hydrogen tank level 

sensor. 



22. The method of claim 21 further comprising the step of: 
25 starting said blower and opening said hydrogen supply valve if 

heating is necessary until said stack temperature reaches a first stack 
temperature value and if said tank level signal exceeds a first tank level value. 



23. The method of claim 21 further comprising the step of: 
30 activating a purge, draining water from said water storage 

device, and inhibiting vehicle startup If said tank level signal does not exceed 
a first tank level value. 



14 



wo 03/071615 



Best Available Copy 



PCT/US02/25029 



1/3 




(D| 



CM 



81 



o 
< 



COf 



col 

CNJI 



CO 



SI 



/ 



CO 



CM 



g 

LL. 



ool 
cnjI 




CM 



Best Available Copy 



WO 03/071615 PCTAJS02/25029 

2/3 . 




Best Available Copy 



WO 03/071615 PCT/US02/25029 

3/3 



G 



start 



202 



200 



204 




208 



Measure P in 
hydrogen tank. 




218 



Measure internal 
stack T. 



220 




224 



226 



stop blower. 
Deactivate H2 flow. 




Measure internal 
stack T, ambient T 
and tanked water T. 



230 



Compare Temps to 
Q3T 



234 




N 



238 



Measure H2 tank 
level. 



244 



246 




N 



250 



Activate purge. 



252 



Start blower. 
Activate H2 flow. 



Drain water from 
water tank. 



222 



254 



c 



Inhibit engine startup. 



End. 



3 



228 



FIG. 3 



Activate H2 purge 



Best Available Copy 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property 
Organization 
Intemaiional Bureau 

(43) International Publication Date 
28 August 2003 (28.08.2003) 




PCT 



(10) International Publication Number 

wo 2003/071615 A3 



(51) Inlcrnalional Patent Classirication'': 



HOIM 2/02 



(21) International Application Number: 

P(rr/US2002/025029 

(22) IntcmalionaJ Filing Date: 7 August 2002 (07.08.2002) 

(25) Filing Language: English 

(26) Publication Language; English 



(30) Priority Data: 
09/948*897 



7 September 2001 (07.09.2001) US 



(71) Applicant: GENERAL MOTORS CORPORA- 
TION [US/US]; 300 Renaissance Center, Mail Code 
482-C23-B21, P.O. Box 300. Detroit, MI 48265-3000 

(US). 

(72) Inventors: WHEAT, WlHiam, S-; 76 Crosman Terrace, 
Rochester. NY 14620 (US). MELTSER, Mark, A.; 160 
Oakshire Way, Rochester, NY 14534 (US). MASTEN, 
David, A.; 30 KnoUbrook Road, Apt. 6, Rochester, NY 
14610 (US). 



(74) Agents: DESCHERE, Linda, M. et al.; Harness, Dickey 
& Pierce, P.L.C., RO. Box 828, Bloomrields Hills. MI 

48303 (US). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB. BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU, 
CZ, DE, DK, DM, DZ, EC, EE, ES, Fl, GB, GO, GE, GH, 
GM, HR, HU. ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ. LC, 
LK, LR, LS, LT, LU. LV, MA, MD, MG, MK, MN, MW, 
MX, MZ, NO, NZ, DM, PH, PL, 1^^, RO, RU, SD, SE, SG. 

SI,^SK^L,-TJ,-TM, TN, TR, TT, TZ, UA, UG,-UZ.-VC,- 

VN, YU, ZA, ZM, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS. MW, MZ, SD, SL, SZ, TZ, UG, ZM. ZW), 
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), 
European patent (AT, BE, BG. CH, CY, CZ, DE, DK, EE, 
ES. FI, FR, GB, GR, IE, IT, LU, MC, NL. PT, SE, SK, 
TR), OAPl patent (BF, BJ, CF, CG. CI, CM, GA, GN, GQ, 
GW. ML, MR, NE, SN, TD, TG). 

Published: 

— with intemaiional search report 

(88) Date of publication of the International search report: 

29 January 2004 

[Continued on next page] 



= (54) Title: FUEL CELL ENERGY MANAGEMENT SYSTEM FOR COLD ENVIRONMENTS 



< 




128/^^ 



Bulk Hydrogen 

Storage 



(57) Abstract: An energy management system controls the temperature of a fuel cell system while a vehicle is not running. The 
O energy management system includes a fuel cell slack (108), a blower (110) that provides air to the fuel cell stack, a water supply 
(150), and a hydrogen supply (120). A hydrogen supply valve (128) is connected between the hydrogen supply and the fuel cell 
stack. A healer (136) is connected to an output of the fuel cell stack. A controller (160) controls the hydrogen supply valve and the 
blower to power the heater to warm the fuel cell stack and the water supply. The controller starts the blower and opens the hydrogen 
supply valve if heating is necessary and if the tank level signal exceeds a first tank level value. The controller activates a purge. 
1^ drains water from the water supply, and inhibits vehicle startup if the tank level signal does not exceed a first tank level value. 



wo 2003/071615 A3 IlllllillillUiiillllliiiilililllilllliiiilii 



For twO'leiier codes and other abbrennaiions, refer io the "Guid- 
ance Notes on Codes and Abbre^nations" appearing at itie begin- 
ning of each regular issue of the FCT Gazelle. 



Best Available Copy 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/US02/25029 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) : HOIM 2/02 
USCL : 429/12.13,22,23,24 



• According to International Patent Classification (IPC) or to both national classification and IPC 
B, FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 429/12,13,22,23.24 



Documentation searched other than minimimi documentation to the extent that such documents are included in the fields seardied 
EAST 



Electronic data base consulted during the international search (name of data base and. where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X.E 
Y,E 
Y,E 



U^,479,177 Bl (ROBERTS et al) 12 November 2002 (12.11.2002), column 8, line 30 to 
column 9, line 26; colunm 9. lines 23-24. Figures 4 and 5. 



US 2003/0022031 Al (MANERY) 30 January 2003 (30.01.2003). paragraphs 
48,51.52,53,54,68. 



1,2.13,14 
3,4,7,15,16,19 

3,4,7,15,16,19 



I { Further documents are listed in the continuation of Box C. | | See patent family annex. 



* Special cacegories of cited documents: 

" A ** document defining tlie general state of the S||t which is not considered to be 
of paiticular relevance 

"E" earlier application or patent published on or after the intemaiional filing date 

"L" document which may throw doubts on priori^ claim(s) or which is cited to 
establidi the publication date of another dtaiion or other special reason (as 
specified) 

"O** documem referring to an oral disclosure, use, exhibiiion or other means 

"P* document published prior to the international filing date but later than the 
priority date claimed 



"T" later document published after the inleniationa] filmg date or prioiiQr 

date and not in conflict with the applicaltoo but cited to undemand the 
principle or theory underlying the invention 

"X" documem of particular relevance; the claimed invendon caimot be 

considered novel or carmot be considered to involve an inventive step 
when the document is taken alone 

"Y" documem of particular relevance; the claimed invemion cannoi be 

considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

documem member of the same patent family 



Date of the actual completion of the international search 
25 July 2003 a5.07.2003) 


Date of mailing of the international search report 


Name and mailing address of the ISAAJS 
MaU Stop per. Ami: ISA/US 
Commissioner for Patents 
P.O. Box 1450 

Alexandria, Virginia 22313-1450 
Facsimile No. (703)305-3230 


Authorized officer ^ y 
Dah-WeiYuan /^^^^y^^^^^ 
Telephone No. (703)308-0766 



Form PCT/ISA/210 (second sheet) (July 1998) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

IZ) BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
ID GRAY SCALE DOCUMENTS 

ID LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



